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Figure 1  Illustration of disposition of samples and slugs of contaminated material
!"#$%2&2*%2*/&)$&+&)8%*%$10$2"*%$(.1:)#'$*%$'1%2$#B#/2*-#)8$-*#3#9$&%$&$\#.+15))*$(.1/#%%$*+$
3"*/"$%)5,%$&.#$()&/#9$*+21$2"#$%2.5/25.#$10$2"#$%&'()*+,$*+/.#'#+2%=$!"#$(.1/#%%$*%$1+#$10$
J2".13*+,K$%)5,%$10$#E2#+2$u onto a line that has n$#]5&))8$%(&/#9$%&'()#$*+/.#'#+2%$10$#E2#+2$

















$ ! $ !% &
!' (
!
L. _ ? P P
! !
m j m jj jm mj m q q q q q




 { } =W _ ?j m q mq  (3)
 { } ( )$ !-&. _ ? Pj m q mq q  (4)
!"#$/1+/#+2.&2*1+$(.1:&:*)*28$9*%2.*:52*1+$01.$2"#$.&+91'$&+9$5+*01.'$*+2#.%#/2*1+$10$2"#$

















p c c c
c v u v
v u u u
c c c














, -" # !
= . /% &







































u v  (9)
 
{ }
, -" # !
= . /% &









u v u  (10)
M"#+$2"#$%)5,$&+9$%&'()#$*+/.#'#+2$"&-#$2"#$%&'#$)#+,2"? =u v ?$:12"$9#+%*28$05+/2*1+%$
8*#)9$2"#$%&'#$-&)5#%?$2"&2$*%^
 








p c c c
c
c c  (11)
 
























where the ck$ &.#$ *+9#(#+9#+2$ *9#+2*/&))8$9*%2.*:52#9$ .&+91'$-&.*&:)#%$ 01))13*+,$9#+%*28$
p(c)=$ !1$ <+9$ 2"#$ #E(#/2#9$ -&)5#$ 10$ cS?$ #E(#/2&2*1+%$ 1-#.$ 2"#$ /1+/#+2.&2*1+$ 9*%2.*:52*1+$




{ } { } { } { } { }
{ } { }












W L. P W L. S SW
P
W W
Sc j c j cn
c j
n












{ } ( )
, -, -" # ! " #. /$ 3 !. /% & % &
+ +. /' ( ' (. /0 10 1
, -" # !
$ 3 !. /% &














u uv u u
c mqc c mq q
v u v un v
mq u uv u
c q
v un v  (16)
&+9$01.!"#&#%^
 
{ } ( )
, -, -" # ! " #. /$ 3 !. /% & % &
+ +. /' ( ' (. /0 10 1
, -" # !
$ 3 !. /% &














u uv v u
c mqc c mq q
u v v un u
mq u uv v
c q
u vn u  (17)
!"*%$.#%5)2$*%$-&)*9$1+)8$3"#+$_`#u#+#v= 
!"#$%2&+9&.9$9#-*&2*1+$.#)&2*-#$21$2"#$#E(#/2#9$%&'()#$/1+/#+2.&2*1+$*%$2"#+?$01. + ,u v
 
{ }
4 , -" #" # !















4 , -" #" # !










nm u vc u
 
(19)
where = lL n $*%$2"#$212&)$)#+,2"$10$2"#$%&'()*+,$(#.*19=
!"#%#$ .#%5)2%$9#'1+%2.&2#$ 2"&2$ 2"#$%&'()*+,$10$&$<E#9$ )12$10$'&2#.*&)$:#/1'#%$ .#)&2*-#)8$
'1.#$(.#/*%#$&%$2"#$%)5,%$10$'&2#.*&)$1//5.$*+$"*,"#.$+5':#.%?$2"#$%)5,%$:#/1'#$)&.,#.$*+$











4 , -" #" # !
$ 3 !. /% &% &% &+' (. /' (0 1
, -" #" 5 5 #








P P S T=TTTP T=TTTb
P PTT





















N2$ %"15)9$:#$+12#9$ 2"&2$ *+$ /&..8*+,$152$ %*'5)&2*1+%$ %5/"$&%$ 2"#%#?$ *2$ *%$-#.8$ *'(1.2&+2$ 21$
#'()18$&$"*,")8$.#)*&:)#$.&+91'$+5':#.$,#+#.&21.=$!"#$.&+91'$+5':#.$,#+#.&21.$*+$&+$
&(()*/&2*1+$%5/"$&%$WE/#)$*%$+121.*15%)8$(11.=
Table 1  Simulation results for sampling with discrete slugs of contaminant (10 000 simulation)
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Figure 2  Histogram of sample concentrations and cumulative distribution from simulation, Case 1
 
Figure 3  Histogram of sample concentrations and cumulative distribution from simulation, Case 2
 
Figure 4  Histogram of sample concentrations and cumulative distribution from simulation, Case 3
Figure 5  Histogram of sample concentrations and cumulative distribution from simulation, Case 4
     
Figure 6  Histogram of sample concentrations and cumulative distribution from simulation, Case 5
     






TFigure 8  Histogram of sample concentrations and cumulative distribution from simulation, Case 7
     
Figure 9  Histogram of sample concentrations and cumulative distribution from simulation, Case 8
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Figure 11  Random slugs for one realisation of the design example
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APPENDIX A – THE VARIANCE OF THE SAMPLE CONCENTRATION
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